Environmental issues have expanded to the forefront of livestock production systems. Air and water quality, human health concerns, and pathogens associated with manure are important issues being examined in swine production systems. In addition, methodologies to reduce or eliminate these issues have become important avenues of scientific research. These topics were the focus of the Swine Symposium on Environmental Concerns Based on Swine Production held at the joint annual meeting of the American Society of Animal Science, American Dairy Science Association, and the Canadian Society of Animal Science in Montréal, Québec, Canada, July 12 to 16, 2009. An introduction to the symposium, provided by D. J. Meisinger, executive director of the US Pork Center of Excellence (USPCE) located in Ames, Iowa, summarized 2 invitational workshops designed to develop research and extension needs in air and water quality (Meisinger, 2009) . Discussions among experts at these workshops, hosted by the USPCE and the Environmental Committee of the National Pork Board (Des Moines, IA), resulted in the identification of producer materials that should be developed based on available research, a recommended list for development of producer educational and informational materials based on available research, identification of research efforts needed to fill gaps in information, and a recommended priority list for identified research needs (USPCE, 2009).
The first presentation by Donham (2010) focused on the major environmental pollutants, sources of these pollutants, and health concerns, including environmental, community, and occupational issues, associated with swine production. Contaminants from agricultural activities that were discussed include animal wastes and inorganic fertilizers, nitrates, phosphorus, trace elements (e.g., sodium, potassium, copper, and zinc), microbes, antibiotics, and veterinary pharmaceuticals. Environmental health issues associated with swine manure were air quality concerns as well as odors and odorants. Physical health, extra-toxic mechanisms, somatasization of adverse odors, innate odor aversions, pheromonal phenomena, exacerbation of underlying conditions, aversive conditioning, and stress-induced illness represented important community heath issues. In regard to health concerns for swine producers and employees, a review of the toxic dust and gases detected in confinement swine facilities, effects of inhaling toxic dust and gases on the respiratory system, and methods to prevent exposure to these irritants were provided.
Next, Petersen (2010) described a feeding program, EcoCare (Land O'Lakes Purina Feed LLC, Shoreview, MN), that was recently developed with the environment in mind. Trials utilizing this feeding program resulted in reduced manure solids and viscosity, allowing better waste handling. Furthermore, this diet had a dramatic effect on nutrient waste. Nitrogen-containing ammonia emission was reduced in manure by the addition of crystalline AA, specific Bacillus bacteria, and saponin-derived compounds. Phosphorus was decreased in manure due to the inclusion of the enzyme phytase in the diet. Moreover, manipulation of the nutrients in swine feed was accomplished without limiting the performance of growing pigs.
Representing Agriculture and Agri-Food Canada (Sherbrooke, Québec, Canada), Massé et al. (2010) described an anaerobic biotechnology, psychrophilic anaerobic digestion in sequencing batch reactor, recently developed to address current environmental concerns associated with swine manure. Anaerobic digestion is a multistage microbial process that transforms carbohydrates, proteins, and lipids in manure into methane and carbon dioxide. The sequencing batch reactor, designed to promote growth and retention of psychrophilic bacteria, is a tank that is filled with organic waste. The organic waste is subsequently mixed and allowed to settle so that liquids can be separated from solids and removed. The process will reduce the environmental footprint on swine products via the recovery of green energy, the production of a value-added odorless fertilizer, the elimination of pathogens in raw manure slurries, and the proper disposal of swine carcasses.
Based on a comprehensive review recently published by the Council for Agricultural Science and Technology (CAST, 2008) , the final presentation by Ziemer et al. (2010) focused on the primary zoonotic pathogens associated with swine manure, including bacteria, viruses, and parasites, as well as their fate and transport. The most frequently studied zoonotic bacterial pathogens associated with swine manure were Salmonella, Escherichia coli, Campylobacter, Listeria, and Enterococcus. Common viruses that could be transmitted from swine manure to humans included swine influenza virus, swine hepatitis E virus, enteric calciviruses, and rotaviruses. Helminth worms, Ascaris, and protozoa, Cryptosporidium and Giardia, represented zoonotic parasites in swine manure with the potential to infect humans. The conclusion from this review was that the ecology of microbes in swine manure and their fate in management systems and the environment remain poorly described. The authors recommended examination of environmental and ecological conditions that contribute to off-farm transport of manure pathogens and development of quantitative risk assessments to estimate human health risks.
